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(54) ORGANIC ELECTROLUMINESCENT ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent 
element which has high luminescent intensity even if a driving voltage is 
low, and excellent durability while allowing high luminous energy to be 
extracted from it. 

SOLUTION: This element 104 is composed by providing a structure 
wherein at least a positive electrode layer 10, a positive hole injection 
layer 12, an organic luminescent layer 14 and a negative electrode layer 
16 are sequentially laminated. In this case, the positive hole injection 
layer 12 is formed of an n-type inorganic semiconductor material, and 
when it is assumed that the Fermi energy of the positive hole injection 
layer 12 is Oh and the Fermi energy of the positive electrode layer 10 is 
3>a, the relationship of <Dh>Oa. should be satisfied, and the value of the 
absorption coefficient of the n-type inorganic semiconductor material 
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should be set to 1 x 104 cm-1 or less. 
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(21 



[0049] (2) ArMi, D8I«*«6 

-4O<^#^ST*0, Ar6fcJ:^Ar7{±, ^^-f 

taf^s^ « fcttgxstip 6-40 ^snas-c* 0 . 

Ar s , Ar«t3j;^Ar7{r)^<t 
S« ] 
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4*4^4. 
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[005 1 ] [HRst (3) ArSfcil/Ar 
1 4 KSflbP 6-4 0 <^?S8aS-?» 0 , A r 9 — A 

[0 0 5 2] ^&#6-4 0<D5?#&$<0 3 

*>. if £ Lu^jH^t5-4 OcQTV-jumt LTti, 

t>-;k 3o-;k b'7i-;K *-7xx/K tn 

¥tf4»*l4. i?t. ff*LV>SaK?ft5~4 0AT'J- 
i/>£b LTte, 7i^i/y, T7f-uy. ryh^x 
7ifyxiji/y, ei^xu-y. rmxw-y. t* 



v. Wi^i/^, ^ym7i-i/y, jf*-^ 

[ 0 0 5 3 ] j£3?&#6-4 0A^#j£»fct $ 
t-7-r;ua. ^.yf-^S. -.?d^ 

y?o\4fy^^) . ^K^5-4 0 

at y -^a. gus^a 5 -4 0 at y -^at*E^$ 
n/cT$ya. 8^85-4 0 at y-A-asrw-ri. 

x^r/US. KmiSl-6AT;P^/i.-af-*tl.x^-f 
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[ 0 0 5 4 3 itz. SfiSffeftJf 
&m&R** x+>))VKv4£ym.&to. 8-#yy 

s-fr?mmm®¥b-rz&ai&**m-r& z 1 1 

ttfk f?U(f4, 4 '-t'X (2. 2-y'7i-M'z 

h i:BllW**ft*£ h'-T Lfc t 0Wrf £ £ 
[0055] (#jfc£8:) fcfc, 3rt»ft*«*»jS-f S 

a. ^txt-S. LBS, XKy^yy^^io^ras- 

z t wx't h . wi.tr. usaarac i o 
^.€iaS5o-4 5or. k^si x i o-'-i 

X 1 0" 3 Pa. fjj®j$#0. 0 1-50nm/gf.l« 

a«-5 0~3oox:^«ftfr**6ikAtff*L^. t 

sir (4hf*8W) tti. *ftffi&*x<Mffii*>ffi)t 
[0056] mm) *wtew<oiwfcoirvciii*fc: 

# . AfrWt- 5 n m~~ 5 ju mOKHrtOfflT-fc £.1 
#4U». C^Sili. *«&3^?)I(!W#5nm*3t 
£S t . «3lW*W8Att**ttT'1-4 0 . - 

&3tyi?>]gJ¥£ 1 Onm— 3jum<oefflrtOfii:1- 
t* { J: t )»tL<, 2 0nm-l^mc7)Sfflrt<7)€i:-r 

[00 5 7] (3)«fi 

tf. 4. OeVfcLL) £Jg. TOlTOtttteft* 

fcte, 4 yi^A^y^lM H ( I TO) . ^y>'>7 

i$mX-. 4 fcli 2 m±kZ&*&b-£X ttJfl-f * Z b 
tfX'Zh. ifc, BM<0R«{>ttfc:MI8Sft.*t>«>-C 
Ji&^7>\ 1 0~1 0 00nm<?)KHrtc7)gt-f|,<r)* { 



SP^L<, 1 0-2 0 0nmtOffiffl|*lcOiit-ri,^*U 
9ff*U>. Sfcfc, BSlfcWLTIi, 
4»«tS*ifc3Ct*Hifc:*SWaR 0 £?Z b tf&*Z> X 
oiz. fgffttiCjgQ. J:0**«KI4. 0 
%tLhOfflt-rsci:*^t< % 5 0%tl±O(ltt 
tzbtftwiK. ao%&L±.0Mb+tzttfZ 

[0058] ( mm® ) -u. Rifivctt. fwsi&o 

(l*Ulf. 4. 0eV*>M) 

L\\ T^S-^A. -fy 

x"7A, yf-^A, i-h'J^. -te>"/-^ ^colS 

1 0~1 00 0nm<r)$mft<r)mb-f&cr>1)W 
4L<, 1 0~2 0 0 nmCD&mfiO&bt hWii 0 
ff*U\ 

[00 5 9] (4) -ecOflil 

7/Wnxfi/>-, ,-Ky?nohy7;^oxf-uy, 

*u3:*\,ybi'9uui!7)V*ox+\sVb<?>£££; 
ft ; ®JR^ 1 %W±<r>®AimiM ; ffibk¥0 . 1 %WT 
WRfcSttWIC ; In, Sn, Pb, Au, Cu, Ag, 
A 1 , T i , N i ^?)&Jg ; MgO, S i O , Si 

0 2 , GeO, NiO, CaO, BaO, Fe 2 0, Y 2 

0 3 , T i 0 2 WO&m&ft.m ; MgF 2 , LiF, Al 
F 3 . C a F 2 ^CO#Jg7 -vim ; A--7WnrW 

y. n-7WD7iy, /<-7;M-D#yx-f7i^ 

[0060] 4^. $i±mmmzhrz^xa. 
mbe (ttixmy-is, 

^•y^Jy^. 77X7CVDS, l^— (f-CVD 
ZbifX'Zh. 

[0061] minmimm] mz, 03$r#.^L 
ti. S2^isifi^®tcfe(t-s*aELSiFi 0 2<omm 
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®x'b<o. nhmio. i?iaAii2, ^mm.mi 
4 , «?&aji i 5&£im®iE i 6 zmmznm it: 
tmznix^i. zix. zcr>^mELm?io2 
ii. mm® 1 6 tumtm 1 4 t<mtz. htsa/i 
1 5^»ALT*s^c*tt^Tii, £ 1 nmsmmn^ 
m im? 1 0 0 1 ra-<oiiarc&* . l£#ot . m 
T^ta^i, ^mwm^mmwmtcmx'h 

[0 0 6 2] <l)«F*HWj 

4 . » 1 mtmmtzis ft & ax® <om^aw^ * 

1. 8-3. 6eVC0«SHrt<0ffifc-fSit*<»4L 

A10«^Sft^5r. 1. 9-3. OeVcO^fflrtWtt 
fc-fSCfctfiOtfiK. 2. 0-2. 5eVc7)£18 

1 0 0 6 3 ] ifc, «?&A®i:*rl8?6ftJlfcom?gi 
1. 2eVOT^fiit5:t* i SfSL<, 
0. 5eVJSlTOtli:f4ii:36 t J: l 3»4U\ i<0« 

W$E LS^PfcT fc £ . 
[0 0 64] <2> x+zMf-^vr 

m2HSt»S(cfc{t51i : ?iiAS^x^;^-^ 
t77(A>K^7n^K-) $-2. 5eVtU: 
^<Ifc-f£.ri:«<*f4l<, 2. 7eVfcLttf)iiIfcTS 

«oft£JJrjeftKLL. 2 . 7 e VJjLtfc*3 < IX 

ami. iEnmmmtmimx.xm^}^^wrt 

ill.. tfc**o-c, !E?um^fc^S£^^#i6LL 

Afl itttff&fttS t *0jBt4 i t a*c* l> . 
[0065] (3)flbfitm 

C k C «t 0 . WmfrWV? <mXQ*®&mz J 0 ft 
tafctfWEL*?*:-*-*; >I.IT\ ffiL 

yrV-iU, **vMiift6«BHWtf, flUtf, 8-t 
LT. l^*fcli¥**frttJH-f4.:i:##i 



tf . raa y - 9 ttmzmk 1 t . mT&x&z all 

Zit&ZbtfX'Z&. Z<r)£?%tm&bLXte. Til 
AV*mti>vaY-M F (iMUtL 8Hfc1*. -tUVfli 

ft. rMvim) . 7^;&y±sasta/njY7-f f. 

7/1^ '^IfOADy-' yfcftfc £1/7 tut y ±M&&<0 

^m-f^sr^-rscT)^ ^ u>. m^iiAia^ 

tf. €i i aA1t$r$f>(C(6j±$-ti-«.;i:* { T'#I.^Tlff 

KkLTfi. ^{f, Li 2 0, LiO, Na 2 S, Na 
2 SefcJ:l/NaOfrW£>*U ff* LV^T/l/^ 'JdbS 
*W&fr-3>H-<{ KkLTIl. Witf. CaO. Ba 
(X SrO. BeO, BaS, MgOfci^CaSe^' 

ftkLTti, «itf. CsF s LiF, NaF, KF« 
LiCl, KC lfcil^NaC ll?rtW£>*U>. 4 

^, ff* l\\7)Vii v±m&Mfn>^Yytttob ix 

(i» Mitf. CaF 2 . BaF 2 , SrF 2 , MgF 2 tJ 
XVB e F 2 t V^fc7 ■y-fcft^. 7 y ftjMZtttOAD 

$r««fS^I«ct LTfi, Ba. Ca, Sr, Yb, 
AI, Ga, In, Li. Na, Cd. Mg, Si,T 
a, SbtJi:t^ZnW^<tt,-oc7)7cS$r#tf^t; 

7/U*'J^Jg^^3^7^ F. 7;^'J±a^JR^3 
y H . 7>VH y \ n y y flSftti «t 7/W# U 

[0066] ( 4 ) ffljt 

ate. *FjtAft<oiijafco^Tiiw*. *^.5»m^ 

aAl<0«3ttt1«K:iW|RSit6t,^TIi'Sr< . BfJitf, 

Tt#fcS!IIS$nSt,^-C{±^0* { . WitfO. lnm 
-lOOOnmCOSHrtcofflt^S^'^L^. ^CO 
«^iiA«cO^J1^0 . 1 nrnjiffibZh b . 
«^iiAtt*«ffiT Lfc 9 . * S v »I4 «M»«l«*<ftT-r 

&m£t { 3>zt.zit>x'$> r ). «^aAJi^^Jf* J i 

0 00nm$:jSx.l,^:Sfitilt^ , ). #«8EL«?<7)© 
If$r0. 5-1 OOnmc7)gHF*l^ili:7S^* { J:O0 
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2L<. l~5 0nmO&Bi%7)ffik-f S<9#§ A,(cif 
[00 6 7] (5)^fifcfrffi 

Big. wyrvyrmnnminizbtf?*?,. 

[0068] [*3^at»JR]at: % H4*«SL 
T. ;«>»^»3<^ei«B*t:o^TilBW-S. 04 
{i> ^3c7)»£^©(cfe(tl.*«EL^l 0 4c0|ffffi 
BT*9, HffiSlO, IE?Li£A®12, IEFUKSJI1 
3 . 1 4 . 1 5ti£Vm®m 1 6 

k tc 0 . *&E L*?tf>i8HUG5!&«rB 

k*&. 

[0069] %3ffmmmnwikE ^m=F i o 
4tt. ma** 1 2 t^mmm i 4 fc**ic. ietl 
iteSJii3*wtT**A*M»v^Ti4. %2<r>w&m. 

OffiELffl 0 2kH-WfflJtS-*LTV^. Uc 
^t. filT<0RWIi. *3c7)HSfi^«(cfc(tl,^6 < J 
&$#T'J>3>iE7lt&i£l 1 3 tov^Tco t<7)T-J> 0 s * 
OflfoOflWaWHcoivrii. Slli5j:tfS52c7)§gSSJRfg 
k Rttofll&ft&^lfftlE L?iS7c7)#p?fc::fct>TH& 
tfjfc&ai&»fi£k -f & £ k #T'# l> . 

[0070] ( i ) mmm 

#mu\ zto&szimtmkixit. mm. 7 
■cs*. tt:. mi^mmitixu. mm. r 

WrXy'jay (a-Si) . a-SiC, ? 
D?0^yij3y (/iC-S i ) , ^C-S i C s 
H-VIftft^tt, III-VSfl:£*L fcAJUKX. 

fc. iHimmzmm-&mn<nmM®tLx\±. m 
ft*. yvimnikTSi- yimtfmfbii. joekw 

fc(i» Al 2 0 3s S iO, S i0„ ( lSxi2) . G 
aN s InN, GalnN, Ge0 2 , GeO, (lgx 
S2) , LiF, SrO\ CaO, BaO, MgF 2 , 
CaF 2 . MgF 2 . SiN, (lSxg4/3)fO- 

[0071] (2)m&tit.tmtdifc 

VaWWCOWC t^f{C$l||5|$ixS t<0"Cli*V^, 0| 
HiO. 5 nm^-5umcr>mmf*wmb-f&<?>¥1if£ I 

f!iM>f cOlgff £ 0 . 1-2 0 nm^eH^ffik-fl)^ 



tiHiRs*i4t«)T^v^. iEii&Am<mf8.ijmkm 
[0072] c jR4 ommmi mz . *^b^<t)^4 <o 

^SS^Stcov^TiftB^ !>. *4*>?lN0B!iiii. a&o 
m-xf>iiEmxmmhti. ix. ig»m 

W&E L* : F*qjMs«Cf|fe*i4«t*ffi* 1, 

<r>9->f», htikvz^ vfvvy&zm^x. lEfta 
Amzmf8.?hzt&mi<7Mmbix^&. 
[0073] ttz. m4cr>mmmt. *t-%imtt 

■f h *»E L*?#f* hilhZbiPh. 4"S:< ktIE?l 
k WflUfcfcl k £- Jt W: H-*S«fr -ceis-r 

hzttmtLw ititfix. m4cr>mn&mmz&u 
zmmi-zn^mk zm-tzzttfm iw -rtch 

«^E^«is^sr«i^, ttiammtxm-th 
ztzm2<7mwiki-h. tztzL, m4<7>£fflm<D% 
Bmt lx , xv n- y ^ >j yrmnmmt&gmm&m 
<r)M£.m k & *ti?timmzmi- , *n h £ f^jiis l 

«5rxA--y ^ »j yrmmm&wzmizitz z t i># 

^SfiBBkH«kL'r*i. 

[0074] *4<nmi0mammtz*tia. net 
mm ■. nmxm 

[0075] ZZX\ JEfUMMttmrmhay 

x^-v ^ ij y?mxj&f8.tit,zf>t: 0 . tmnnmim 
^mtftfr^mfcnf-y-yhzm^x^i. m 

WWK. frtP&?-y >y Mi, I n 2 0 3 , Zn 

O. In 2 0 3 (ZnO) a (mli. 2-20) 3t^9HI 

efts*, mti-fy. m^t^^ mit? 

yy*T>. Kft>f -/h'J^A, Kft^'/Ua^^, K 
ft* U Try. Kft/Lr-^A, BMfc-f a. Rfl: 



(ai) )00-223276 (P2000 -GR7 6 



£. I n 2 0 3 , ZnO, I n 2 0 3 (ZnO), (mli. 
2-2 0) tm^msizlt. IWWitHL 
■C. I ntZnCOJS'Pit [ I n/ ( I n + Zn) ] Sr 

0. 2-0. 8 50KHrt^fflttl.^mn-\ 

[ 0 0 7 6 ] * LT » *4 WWUBBTtlffl-f 4 ^-y 
/ Mi>lf«ffi (ftittS) (ffi«:0. 0 1-10mol 
/'J ■/ H'k m : ^WT/U3-;m. jtRWlSfl : * 

Rfta y ftaa&s (mm ■. 

fi-^ISI: l-2 0 0l$fg) £J:9K*m£g£L 
ffifg (&S500-1 200-C. ^1-100 

■aa) ls^c isfi (h i Pimm) ixn^titzi> 

[0077] 

immi [wt«i-4] 

( 1 ) WISE L*?<0ftJjfc 

mkmimmELmTit. m^mmmm^a^h^ 
mLmmmj&tmiBLX'&h. uz&~>x. mmmi 

1. 1mm. $2 5mm. $7 5mm03BJKi:#7*g 
«±fc. ISffiSi: LT. ITO(<D a = 5. 0eV)A> 

(mm totxfwvtmvc 1 o#h»h*u:. 

[ 0 0 7 8 ] K^X\ WB& . mafexy<( 7 ? 'J y yfg 

(B : Ftt*=0. 6 5/0. 2 5/0. 1. InfcZn 
^fl^Jt [ I n/ ( I n + Zn) ] = 0. 7 2) 5rX^C 

*5xi0-*Pa*T*ffLfc#lire, TtVlVifXi 
IAU Kffl*£3x 1 0-' PaKHBU:. 
IB* 1 0 0W. S^iaSMiS ( 2 5-C) CD&ftTX^y 
?<)y7l. 1160nm (m&Ml ) . ii20nra 



(33KOT2) . KJ¥8nm (HJtflB) fcj: tfffilifO . 
7 nm (££014 ) <0IE?Li£A«£^iim)g|£L*:. 
! 3r*i. IE?La7Jl<0iaiR«a^SI^L/>:t 

[0079] fcwc. «IR^*M£U:£ttifctij|* 

MOMftlzOmitzit, l O^Paco^ft 

T\ jEFUKSJIfcl/C, N, N' —f7f-;l/-N, N' 
-7x-;p-4. 4' -^yyV'y (NPD) £2 On 

T. H«*>3t2ail*i*CT, W«5Hiyrc**6 0nm<0 
UI5r*-tl.h'J^ (8-hKDdfvJr>";y-/n 7 
>\,*-*;& (A 1 q) fcJISSItU $£>£«?i£A« 
fcLT. 0. 5nm<Dj£]Ii3:l> t t:-5(;:L i 2 0£*£ 

astu ftat, mmmttx. 1 sonm^jsn-er 

IE7L&AIL IEfU&j*S. ^MSBtfl. m^Fit 
AJifccttXHffiJlS:. -JILT. H-X^frfC?B« 
U *»ELJHP*»fc. 
[0080] (2) *&E LS^F OfFtt 

#^^c*«8els^ (natwi-4 ) iztm&mm 
(-) mm, ®&m*T7x ( + )mmti 
x. smsra^i ovcr>m.%MJ±zzti?timmtz. 

fcWSU l^^eWSSrlOOOcd/cmztL 
fc. ne i tifc&%£3kl}i]:V : m5lZmt. 05<i. ft 

•KiEaaAJi^iw (nm) iu^x^ixb*). m 
mzmmg. (cd/ci'i *»o-c*U"c*&. m 

btitz^mE Lm=?<r>%tf&im&x$>$>z t zm&i 
fc. 

[008 1] 
[£U] 
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®M0. 7 nmto&Ua&MZmit:. Mtuzmsk* 
f|2C5rf. 

[008 5] WOm 1 ] 1 izmisEtl&AM 

li. SWIWli:H*fc:*«E L#f*ffc*LT. IWBL 
fc. Rmtz. mmio nmmiW yiSVA/WittM 
tB/mfcfWA (Jt*=0. 6 5/0. 2 5/0. 
1. <D h = 4. 8ev) SrRJtfc. f*fc*lfctt*£*2 

[0 0 86] [ttMM2] JtNMie&ft6nflMHI* 
*W*»ft**IW6 0nm«)jEILaAl«**9te, P 

WCii. ECRr^XvCVD^CiO. Si,- x C 
, (O^xSl) 4>6&ftRV2 0nm«>]E?ia3JI£ 
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fftfl OVggfcflKii. 30 00c d/cm^liLh 
(DlS^mM&tf'&bii.. L*>i¥a£»ifr#10 0 0i$ 
iatLhO*«E LS^F £iS«-f S Z t 3> £ o fc£ 

*i6^*«EL*^j:ix(f, nsmn 

[0 0 88] *»W)*»EL*^<0Wt*afc: 



■f 4 i k tffS 4 J: 3 0 . ffil&«EA { 1 0 

Vggrc&oTi), 3 00 0cd/cm*JSLh^)*Vi» 
*H*W*6*U U>i#iiS*firA { l 0 0 0««Bl;U:tf> 

*«e Lm^mmcmi-i zttf-czzxo t«r 
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[0 1 ] $ 1 O^SMlKfcltSW&E LS^OBJrBH 
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